Pathologic and bacteriologic studies were carried out in all 24 dogs subjected to arteriovenous anastomoses and bacteremia. The single etiologic agent, Streptococcus mitis, was stained and cultured from 10 of the 11 hearts with active endocarditis (one animal had a healed tricuspid valvulitis) and from 16 of 17 animals with patent fistulas and active caval vegetations. The latter lesions occurred shortly after the initiation of injections and served as an important source of bacteria to the blood stream and heart valves. The endocarditis resembled that found in human cases with destructive and reparative phenomena coexisting. Focal myocarditic lesions and cardiac failure were noted only in animals with endocarditis. The other secondary (embolic) lesions were similar to those seen in man with the exception that in the dog the lesions had a suppurative tendency. Acute diffuse proliferative glomerulonephritis was found in animals with endocarditis and in those with infected fistulas and bacteremia.
IN A companion communication the method
of inducing experimental bacterial endocarditis in dogs with Streptococcus mitis is described. Following the pioneer work of Lillehei and associates'-3 the method entailed creation either of aorto-inferior vena caval fistulas or of bilateral iliofemoral arteriovenous fistulas followed by intravenous administration of Streptococcus mitis.* Among 24 dogs so treated, pathologic evidence of bacterial endocarditis was obtained in 12. Eleven of these animals (group IA) died of their induced disease from 7 to 128 days after the clinical signs of bacterial endocarditis, and each had evidence of the disease at necropsy. Another animal (group IB) had pathologic evidence suggesting that active endocarditis had been present but had healed spontaneously. This animal had not shown clinical signs of bacterial endocarditis and was killed by intravenous administration of a barbiturate 202 days after the administration of the bacteria was begun. Thors for performing the surgical procedures in the majority of the animals. This paper will describe the pathologic findings in 12 animals with endocarditis and will compare them with the findings in the remaining 12 animals without endocarditis. Of the 12 animals which had no pathologic evidence of endocarditis, five died of septicemia and pulmonary infarction resulting from the infected fistulas (group IIA). The other seven animals remained healthy and when killed were found to have complete or nearly complete closure of their fistulas (group IIB). These had no evidence of valvular involvement or infection of the fistulas nor were any significant lesions found in the other organs; these seven animals will not be considered further in this report. Lungs.-Each of the 11 animals in group IA had lungs much heavier than normal on the basis of extensive edema. In seven of these there were additionally many foci of hemorrhage. On microscopic examination the latter were seen to represent areas of infarction. In the areas of infarction the alveoli contained infiltrating cells which for the most part were neutrophilic leukocytes. Abscess formation surrounded by granulation tissue of varying ages also occurred in such areas. An occasional artery related to areas of infarction contained embolic material heavily laden with bacterial colonies.
PATHOLOGIC FINDINGS
Similarly infarcted areas were present in each of the five animals of group IIA ( fig. 3d ). In the latter group the lungs were not edematous to an appreciable degree. One animal in the latter group had extensive pleural hemorrhage originating in a pulmonary infarct that had progressed to abscess formation ( fig. 3e) .
Kidneys.-In five of the animals in group IA the kidneys were somewhat enlarged and showed many petechial hemorrhages involving the cortices. In four of these animals the microscopic appearance of the kidneys showed an increased cellularity of most of the glomerular tufts associated with mild thickening of the basement membranes ( fig. 4a ). Glomerular and tubular hemorrhages were also present. One of these four animals also showed bacterial emboli in renal arterioles and capillaries, and in this animal there was focal necrosis of glomerular tufts. In the fifth animal of group IA with gross petechial hemorrhages, there was not present the diffuse glomerulitis just described. This animal had glomerular and tubular hemorrhages, focal necrosis of glomerular tufts with hyalinized thrombi and bacterial emboli in small vessels ( fig. 4b) .
In a sixth animal of group IA, the only renal lesions were represented by massive infarction of the lower pole of each organ. In the infarcted area. there were multiple small abscesses containing bacterial colonies on microscopic examination.
In the remaining five animals of group IA, no acute renal lesions were present.
The only acute type of renal disease seen in animals of group IIA was the diffuse glomerulitis already described for animals of group IA. This occurred in one animal. Liver.-No embolic lesions were evident in the liver. In the majority of animals of group IA, there was evidence of chronic passive congestion. In some of these, central hemorrhagic necrosis was also present. It was considered that the hepatic changes were manifestations of congestive cardiac failure.
Adrenals. No histopathologic evidence of adrenal cortical hypertrophy was found in any of the animals.
One Animal With Healed Bacterial Endocarditis (Group IB)
One animal presented a thickened septal leaflet of the tricuspid valve. Histologically, the valve showed an acellular swollen appearance with capillary ingrowth and marked fragmentation of the collagenous structure. The changes were interpreted as representing healed bacterial endocarditis. No lesions were observed in either the mitral valve or the aortic valve. The myocardium was of normal appearance.
The inferior vena cava opposite the patent anastomotic site was thickened and scarred, with a few granular elevations. The only other lesions were several healed infarcts of the lung and an old fibrous perisplenitis.
COMMENT
In comparison with human cases of endocarditis due to Streptococcus mitis, the secondary lesions in the dog were more active and suppurative in nature. It is interesting to consider which of the secondary lesions in the body were due to the presence of the bacterial endocarditis and which may have been related to the existence of infection of the arteriovenous fistula. A convenient manner of considering this problem comes from the comparison of the 11 animals with active bacterial endocarditis and infected fistulas on one hand, and the five animals without bacterial endocarditis but with infected fistulas on the other.
Lesions of the myocardium of a focal nature were, with one exception, found only in the cases with bacterial endocarditis, leading to the interpretation that they were the result of emboli from the cardiac valves. The myocardial lesions of focal nature were essentially like those described in man with subacute bacterial endocarditis.4-7 Diffuse interstitial myocarditis was present not only in the animals having bacterial endocarditis, but also in the animals with infected arteriovenous fistulas but without endocarditis. It is impossible to prove whether this represents a hypersensitivity response to the presence of infection with S. mitis or the result of bacteria reaching the myocardium.
In the lungs the disseminated infarets, many of which were obviously infected, may be related to the existence of the infected fistula. In the cases wherein endocarditis involved the tricuspid or pulmonary valve, the pulmonary infarcts may have been due to emboli either from the fistula or from the infected valve.
The pulmonary edema, which was prominent only in the animals with bacterial endocarditis, is considered an expression of cardiac failure. The mechanism or mechanisms by which cardiac failure occurred leading to pulmonary edema are probably the same as apply to human cases of bacterial endocarditis with cardiac failure. Destructive lesions of the cardiac valves alone, the presence of secondary myocardial lesions alone, or the two combined could have contributed to the failure of the heart. The lesions of the kidneys which were acute, which seemed related to the experimental procedures and which resembled lesions previously described in experimental endocarditis were of two types. One was characterized by a diffuse glomerulonephritis simulating the acute type that Lillehei and associates2 found and that Bell8 described as occurring as a subclinical entity in 50 per cent of clinical cases of subacute bacterial endocarditis. The second type of lesion presented the picture of a focal glomerulitis associated with demonstrable bacteria in the small blood vessels. This occurred in two animals of the series, both with endocarditis. This lesion resembled one of the two types described by Bell ;8 that is, exhibiting hyalinized intracapillary thrombi with capillary necrosis. Each of the two animals with the latter type of lesion had bacterial endocarditis, while among the animals having the former (diffuse) type of renal disease, there were four cases of bacterial endocarditis and one of infected arteriovenous fistula without endocarditis.
The lesions in the brain were commonly present in the animals with bacterial endocarditis. They occurred in only one animal without endocarditis but with an infected arteriovenous fistula. The cerebral lesions characterized by infarction and abscess formation were frequently associated with bacterial emboli, thus indicating that they were caused by particles of the valvular vegetation which had broken off and had been carried by the blood stream to the brain. The one case which remains an enigma is that of the animal in the group without endocarditis, but in which the cerebral lesions were the same as in the animals with endocarditis. Moreover, this animal had a mycotic aneurysm of a cerebral artery leading to rupture and cerebral hemorrhage. In the same animal, it will be recalled, there was a focus of acute suppurative arteritis in the posterior descending coronary artery. From the secondary lesions one would consider strongly that bacterial endocarditis had been present in this animal, but re-study of the specimen of heart failed to reveal any evidence that bacterial endocarditis had existed. One might attribute the lesions of this animal simply to septicemia, but it seems more reasonable to conclude that particles of infected blood clots had been lodged in vessels of the brain and the heart. With the cardiac valves eliminated as a source for such emboli, it is possible that in relation to one or more pulmonary infarcts, infected thrombi were present in pulmonary veins leading to systemic emboli. No such lesions were found, but since no detailed study of the pulmonary veins had been made, this remains as a possibility which cannot be either proved or disproved.
SUMMARY
The pathologic features are described of experimentally induced endocarditis with Streptococcus mitis in dogs having surgically created systemic arteriovenous fistulas.
The changes resemble those seen in human cases of subacute bacterial endocarditis with the exception that in the dog the secondary lesions had a tendency to be suppurative.
Comparison of the pathologic findings in the animals having bacterial endocarditis and infected arteriovenous fistulas on one hand with the findings in animals having only infected arteriovenous fistulas on the other hand revealed certain similarities and certain differences. Myocarditis of focal nature was seen, with one exception, only in animals with bacterial endocarditis, while diffuse myocarditis was observed in both groups. Cardiac failure was evident only in the animals with endocarditis. Examples of glomerulonephritis were seen in animals with bacterial endocarditis and in those having only infected arteriovenous fistulas. SUMMARIO 
